Abstract: HbD Punjab is a variant of hemoglobin which occurs as a result of mutation in codon 121 (GAA>CAA) of the β-globin gene, which replaces glutamic acid with glutamine (Glu→Gln). The heterozygous state of HbD does not produce any clinical or hematological symptoms, although its association with HbS and thalassemia produces clinically significant but less severe conditions. The homozygous state produces mild hemolytic anemia and mild to moderate splenomegaly. Alpha-thalassemia is characterized by reduction or absence of the α-globin chains due to deletional or non-deletional mutations of α-globin genes located on chromosome 16. The present study describes a Hindu family where both HbD Punjab and alpha 3.7 kb deletion are present among the members in the heterozygous and double heterozygous state. Comparison of clinical and hematological parameters between the heterozygous and double heterozygous state of HbD and the alpha 3.7 kb deletion is also discussed here. According to our study, the prevalence rate of HbD Punjab is very low, i.e. 0.06%.
INTRODUCTION
Hemoglobinopathy, which consists of thalassemias and variant hemoglobins, is a major health problem in India. It is caused by genetic defects affecting the globin genes encoding α and β chains of the hemoglobin molecule. A great diversity of mutations perturbs the function of α and β-globin chains, causing different types of hemoglobinopathy [1, 2] . In West Bengal, a state in eastern India, prevalence of α and β thalassemia is 4% and 8-10% respectively, which is very high in comparison to other states of India. α-Thalassemia is characterized by reduction or absence of the α-globin chains due to deletional or non-deletional mutations of α-globin genes located on chromosome 16 . At least 40 different types of deletions have been detected in the α-globin gene, but α 3.7 kb and α 4.2 kb are the most common deletions prevailing among the Bengali population. While screening for hemoglobinopathies in different Bengali populations residing in West Bengal, mainly six common mutations IVS 1-5 (G>C), codon 15 (G>A), codon 26 (G>A), codon 30 (G>C), codon 8/9 (+G), and codon 41/42 (-CTTT) in the β-globin gene causing β-thalassemia [3] were detected. The mutation in codon 121 (GAA >CAA) of the β-globin gene, which replaces glutamic acid with glutamine, is a rare mutation which gives rise to the HbD Punjab (α 2 β 2 Glu→Gln ) variant. HbD occurs in four forms: heterozygous HbD trait, HbD-thalassemia, Hb S-D disease and the rare homozygous HbD disease, which results mild hemolytic anemia and mild to moderate splenomegaly [4] . HbD Punjab occurs with greatest prevalence (2%) among Sikhs of Punjab [5] , whereas in West Bengal, HbD has a prevalence rate of 0.21% for carriers and 0.01% for patients [6] . In the present study we report the existence of the rare variant HbD Punjab [α 2 β 2 121(Glu→Gln) ] and alpha 3.7 kb deletion in a Hindu family of West Bengal. Comparison of clinical and hematological parameters between the heterozygous state and double heterozygous state of HbD and the alpha 3.7 kb deletion is also discussed here.
MATERIALS AND METHODS
Our institute, NCRI, has been organizing thalassemia carrier screening camps among different populations, mainly in the tribal populations of different districts of West Bengal, since 2008 under a project sponsored by the Department of Biotechnology, Government of India. We organized camps in a girls' school in the Nadia district twice (in the years 2012 and 2014). While screening for thalassemia carriers among the students of a girls' school in the Nadia district in 2014, we came across a 17-year-old student of class XI who resides in the same district. She was totally asymptomatic and academically sound. As our routine procedure, a 3 ml peripheral blood sample was collected from her in a vacutainer containing 5.4 mg of EDTA as an anticoagulant for different tests. The naked eye single tube red cell osmotic fragility test (NESTROFT) was performed with 0.36% freshly prepared buffered saline [7] . Complete blood count (CBC) and red cell indices were obtained by an automated semi analyzer (SYSMEX KX-21, Selangor, Malaysia) within 24 hours of sample collection. Quantitative analysis of different types of hemoglobins, e.g., HbF, HbA, HbA 2 , HbD, was performed by high performance liquid chromatography (HPLC) (Variant TM ; Bio-Rad Laboratories, Berkeley, CA, USA). As the HPLC report indicated that she was a carrier of HbD, we decided to screen the entire family. Accordingly, blood samples from all members of the family were collected after taking written consent, and the above-mentioned tests were performed. DNA isolation was performed by the phenol chloroform technique following Miller's method [8] . For confirmation of the mutation G>C at codon 121, DNA sequencing was performed using the forward primer 5'-CTAATCATGTTCATACCTCTTATCT-3' and the reverse primer 5'-TTAGGGAACAAA GGAACCTTTAATAGA-3' following our published paper [9, 10] . A mutation was confirmed only when detected in both forward and reverse direction. The sequence was compared with the sequence of the Human Genome Mutation Database (HGMD) and the National Centre for Biotechnology Information (NCBI). Finally, the most common alpha globin gene deletions (3.7 kb and 4.2 kb) were checked for all five samples by Gap-PCR following previous publications using two sets of primers, 5′-CTGTCC TTTCCCTACCCAGAGCCA-3′ (forward) and 5′-CCATGCCTGGCACGCTTTGCTGAG-3′ (reverse) for the 3.7 kb deletion and 5′-AACACCTCCATTGTTGGCACATTCC-3′(forward) and 5′-CCCTGG GTGTCCAGGAGCAAGCC-3′ (reverse) for the 4.2 kb deletion [11] [12] [13] .
RESULTS
The pedigree of the studied family is shown in Fig. 1 . NESTROFT, hematological indices and Hb electrophoresis results of the proband and her family members are depicted in Table 1 . The high peak at the D window (41.5 %) with retention time of 4.14 min in the HPLC chromatogram indicated that the proband was a carrier of the HbD Punjab variant. The DNA sequence of exon 3 of the beta globin gene covering the region of codon 121 for the proband is depicted in Fig. 2 . DNA sequencing confirms the presence of a nucleotide substitution at codon 121 (GAA>CAA), which is indicated within the box in Fig. 2 . The gap-PCR result for detection of the alpha 3.7 kb and 4.2 kb deletion revealed that the father and elder brother were carriers of the 3.7 kb alpha deletion, which is presented in an agarose gel photograph (Fig. 3) . Finally, the family study revealed that the proband, her mother and twin brother all were heterozygous for the HbD Punjab variant. The alpha globin gene deletion study revealed that the proband's father was a carrier of the α-3.7 kb deletion, whereas her elder brother was diagnosed as a double heterozygote of the HbD variant and alpha 3.7 kb deletion. He had no significant complications and no history of blood transfusion but presented only mild anemia. Fig. 1 . Pedigree of the studied family. The molecular analysis demonstrated that this family had three carriers of the HbD mutation i.e., GAACAA at codon 121 of the β-globin gene, which results in a change of glutamic acid to glutamine (mother, twin sister and brother), one carrier of the alpha 3.7 kb deletion (father) and one member double heterozygous for the HbD mutation and alpha 3.7 kb deletion (elder brother). Fig. 2 . Sequence analysis of the PCR product (215 bp) covering the entire region of exon 3 of the β-globin gene was performed using forward and reverse primers as described in the text. DNA was isolated from the peripheral blood from the proband. DNA sequence of the proband denotes the heterozygosity of HbD mutation at codon 121 showing the GC substitution, which is denoted in the square box. 
DISCUSSION
HbD Punjab is the most common variant of HbD, which developed as a response to the selective pressure of malaria [14] and which is prevalent in western India, especially in Punjab. The heterozygous state of HbD does not produce any clinical or hematological symptoms and not much alteration in red cell indices, but its association with HbS produces a clinically significant but less severe condition mimicking sickle cell anemia [4, 15] . Homozygous HbD disease usually produces mild hemolytic anemia and mild to moderate splenomegaly [16] . Double heterozygous HbD/β-thal is more common and more serious. Hemoglobin D is not very uncommon in India, but in West Bengal, from where the case is reported, the gene for HbD Punjab is rare according to previous publications [6] . To our best knowledge, the double heterozygous state of HbD Punjab and alpha 3.7 kb deletion which is presented here is the first case from this province. During the last seven years (2008-2014) of our thalassemia screening program we have already screened a total of 6334 individuals (4465 tribes, 1869 scheduled caste and general caste) in different districts of West Bengal, especially in tribal areas of our state. According to our results, the prevalence of HbD is very low (0.06%) in West Bengal, which supports the earlier findings [6] . This is the first time we have reported a Hindu family where three members (proband, her mother and twin brother) were heterozygous for the HbD Punjab mutation, the proband's father was heterozygous for the alpha 3.7 kb deletion and the proband's elder brother was double heterozygous for both the mutations (Fig. 1 ). Our observation indicates that the double heterozygous state of HbD and alpha 3.7 kb deletion has no significant complications like other double heterozygous conditions (β-thal/sickle, β-thal/HbE) but presented mild anemia. Hematological parameters of heterozygous HbD Punjab remain in the normal range, whereas for the heterozygous state of alpha 3.7 kb deletion and the double heterozygous state of both mutations hematological parameters are at a low level except for RDW, which is higher in the double heterozygous state.
